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SUMMARY

An investigation of the effects of ground proximity and propeller
position on the effectiveness of a wing equlpped with large-chord slotted
flaps in redirecting the slipstreams from large-diameter propellers
downward for vertical take-off has been conducted in a static-thrust
facllity at the Langley Aeronsutical Laboratory.

The results indicate that, with the propeller thrust axis on the
wing chord plane, both the angle through which the slipstream is deflec-
ted and the ratio of resultant force to thrust are reduced as the ground
is approached. At poslitlons nearest the ground some of the loss in
resultant force is regaeined. Lowering the thrust axis below the wing
chord plane reduces the adverse effects of the ground and slso reduces
the large diving moments associated with the "slotted-flap arrangement.
The static-thrust efficiency of the propellers is slightly reduced by
the ground effect.

INTRODUCTION

Recent work on wing configurations designed to redirect propeller
slipstreams downward for vertical take-off has demonstrated that the
redirected-slipstream principle can be used to provide direct 1ift for
gircraft without the necessity of inclining elther the fuselage or the
propellers through large angles with respect to the ground. The free-
flight characteristics, durlng taske-off, hovering, and landing, of =
model that operates on the redirected~slipstream principle through use
of & single large-chord plein flap and a retractable cascade of vanes
have been studied by the Langley free-flight tunnel section. (See ref. 1.)
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The 7- by 10-Foot Tunnels Branch of the Langley Aeronautical
Laboratory is conducting a progrem aimed at developing a simple wing
configuration that will be capable of redirecting the slipstream (refs. 2
to &). Most of the development work on these configurations has been
done without simulatlon of the ground and, therefore, the results repre-
sent hovering charscteristics at some distance above the ground. The
flight tests reported in reference 1 showed a tendency of the model to
move forward as it approached the ground, which indicated that the angle
through which the slipstream was deflected wes reduced near the ground.
Accordingly, an investigation has been underteken with the slotted-flap
wing of reference 2 to determine the effects of proximlity to the ground
on the turning effectiveness of the configuration and to study the effects
of propeller position on the turning effectiveness both in and out of
the ground-effect region.

SYMBOLS

The symbols used in the present pasper are defined below. The
positive sense of forces, moments, angles, and distances are indlcated
in figure 1.

c wing chord, ft

¢ meen serodynamic chord of wing, £t

D propeller diameter, ft

F resultant force, 1lb

h distance from inboard end of flap trailing edge to ground
board, ft

iy wing incidence, deg

1ift, 1b
pitching moment, ft-1b

.propeller pitching moment, £t-1b-

é% =

propeller normal force, 1lb

éz

n propeller rotational speed, rps
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P propeller shaft power, 2xnQ/550, hp

Q torque, f£t-1b

T total propeller thrust, 1b

X longitudinal force, 1b

b4 longitudinal distance from propeller to wing leading edge, ft
(See fig. 1.)

Z vertical distance from thrust axis to wing chord plane, £t
(See fig. 1.)

Bp flap deflection

n" static~-thrust efficiency, __JEZZE____

llOOP\|£— fp®

6 iHCliE%Fi?n of resultant force vector froa thrust axis,
tan % deg

o mass density of air, slugs/cu ft

Subscripts:

i inboard propeller

o] outboard propeller

30 30~percent-chord flap

60 60-percent-chord flap

APPARATUS AND METHODS

A drawing of the model used 1n most of the tests and its pertinent

dimensions are shown in figure 2 and a photograph of the model mounted

for
was
The
the

testing is shown in figure 3. Except for the propellers, the model
the same as that used for the investigetlion reported in reference 2.
geometric characteristics of the wing and propellers are given in
following table:
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Wing: _

Area (semispan), BQ £H . « « v ¢« + 4 4 4 v 4 4 e v e e e e . 5125

Span (semispan), £t . « & ¢ ¢ v b 4 e e e e e e e e e e e . . 316 .

Mean aerodynamic chord, £t . . . . . . . . . . . . . . . . . . 1l.51k

Root chord, £t . . . &« & v ¢ ¢ ¢« 4 @ e v 4 v v v v v o s o« « . 1.75

Tip chord, ft . . ¢« ¢ ¢ ¢ ¢ ¢ ¢ v ot e v v o s s s s e v .. L1.25

Airfoll section . . . . ¢« ¢« ¢ ¢« ¢ v v+ v 4+« « + « « « » NACA 0015

Aspect 8510 + v ¢ v 4 v 4 b 4 e e e e e e e e e e e e . kS

Taper rablo « v & ¢ + 4 ¢ 4 4 4 0 4 4 e e e e s e e e e e s . O.TLE
Propellers:

DIGMELEr, £ « « « v o« o v o e e e e e e e e e e e e e e .. 2.0

Necelle Qismeter, £t . . . . « ¢« v ¢« v v ¢ v v ¢ v s v ia o . 0.33

Alrfoll section . . ¢« &« ¢ ¢ ¢ 4 4 i 4 4 e e e v e e s e . o Clark ¥

Solidity (each Propeller) . « « v v v &« « & + = « « « s « « « 0.10 -

The ordinates of the flaps were derived from the slotted flap 2-h
of reference 5 and are presented in teble I. The slotted flaps were
supported by external brackets which can be seen in figure 3. The cross
- section of the auxiliary-vane configuration, which is the same config-
uration tested Iln reference 2, is shown in figure 4. The vane was made
of 1/8-inch sheet steel.

The propellers used in this investigation (fig. 3) had plan forms
different from those used in the investigations of references 2 and 3.
Molded Fiberglas and balsa-wood propeller blades were used so that pos-
sible propeller blade fallures would be less likely to damage the strain-
gage balances on which the motors and propellers were mounted. The '
propellers were driven by verlable-frequency electric motors. During
‘the tests, the propeller rotational speed was spproximstely 6,000 rpm,
which gave & tip Mach number of 0.58. The speed of each motor was .
determined by observing a stroboscoplc-type indicator, to which was fed
the output frequency of a small alternator connected to the motor shaft.
Because both motors were drlven from a common power supply, their speeds
were usually matched within 10 rpm. The outboard propeller rotated
against the tip vortex (right-hand rotation on right wing) and the
inboard propeller rotated in the opposite direction.

The motors were mounted inslde aluminum-alloy nacelles by means of
‘strain-gage beams in such a way that the propeller thrust and torque
could be measured. The inboard nacelle was equipped with additional
strain-gage Instrumentation so that the propeller normal force and
pitching moment could also be measured. In addition, the total lift,
longitudinal force, and pltching moment of the model were measured on _
a balance at the root of the wing.

The tests to determine the effects of propeller location were con- "
ducted with & setup similar to the one shown in figure 5. For these
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tests, a single propeller was located at the same spanwise location as
the inboerd propeller shown in figure 2. Although the propeller wes
independently mounted for these tests, the propeller thrust has been
included in the data presented. For purposes of comparison a few tests
have been made with only the inboard propeller mounted on the wing.

The ground was simulated by a sheet of plywood, as shown in fig-
ure 3, All tests with the ground board were conducted with an angle
of 20° between the ground plane and the thrust axis of the propellers.
(See fig. 1.) . Because the wing was tapered, the height h ebove the
ground was defined, arbitrarily, as the distance from the inboard end
of the flep trailing edge to the ground board.

The investigation was conducted in a statlc-thrust facility of the
Langley Aeronsuticael Laboratory. All data presented were obtained at
zero forward velocity with a thrust of 15 pounds from each propeller.
Inasmuch as the tests were conducted under static conditions in & large
room, none of the corrections thet are normally appliceble to wind-tunnel
tests were applied.

RESULTS AND DISCUSSION

For the purposes of the discussion the configuration with the
thrust axes of both propellers on the wing chord plane and with zero
wing incidence is referred to as the basic configuration, and the config-
uration with the thrust axes of both propellers lowered 0.1D and with
5° wing incidence is referred to as the modified configuration.

Chaeracteristics of Basic Confilguration ir the Ground-Effect Region

The cheracteristics of the basic configuration out of the ground-
effect region have been investigated extenslvely-and the results were -
reported in reference 2. The effect of proximity to the.ground on the
characteristics of this configuration with flep deflections 5f6o'= 500

and 8f5o = hoo, vwhich gave good results for the model out of the ground-

effect reglon, 1s presented In figure 6. The effect of the ground is
characterized first by a loss in resultant force F as the ground is
approached, next by a lerge loss in turning angle 6, and finally by an
increase in resultant force at a position above the ground that would
correspond to a reasonable cleasrance wlth an alrplane et rest. For the
basic configuration a loss in turning angle of about 20° 1s experienced.
Other combinations of flap deflection (fig. 7) had little effect on the
turning effectiveness when the model was in the position nearest the -
ground.
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Reference 2 indiceted that addition of the auxilisry vane shown in
figure 4 effected an increase in the turning angles for the model out
of the ground-effect region. The effect of the ground on the character-
istics of this configuration is shown in figure 8. Comparison of fig-
ures 7 and 8 indicates that addition of the vane increases the turning
angle for the model in the ground-effect region somewhat, but the turning
is still much less than that obtalned out of the ground-effect region.

Tuft studies indlcated that the tralling-edge flap was completely
stalled when the model was in the position nearest the ground. Also,
more of the slipstreem sppeared to flow over the wing when the model

was near the ground. The type of flow observed is shown 1n the
following sketch:

/_____,

X
L/

TT 77777 77277777777 7777777777

Effect of Propeller Position

The tuft studies of the flow about the model suggested that, 1if
the slipstream could be kept from escaping over the top of the wing,
some improvement in the characteristics near the ground might be effected.
This possibility in turn suggested that the relative position of the
propeller with respect to the wing might be significent. In order to
investigete such effects, it was found coénvenient to conduct the tests
with only one propeller mounted on en independent support similar to
the one shown in figure 5 so that the position of the propeller with
respect to the wing could be easily shifted. The effect of the vertical
position 2z/D of the propeller with respect to the chord plane of the
wing is shown in figures 9 and 10 and the effect of longitudinal position

x/D .is shown in figure 11.

With the propeller close to the wing (x/D = 0.25), lowering the
thrust axis 0.125D below the wing chord plane is seen to effect a small
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increase in turning angle when the model is out of the ground-effect
reglon and sn spprecisble increase when near the ground (fig. 9). Also,
the ratioc of resultant force to thrust is greater with the model near

the ground than out of the ground-effect region. When the thrust axis

is lowered to a position 0.25D below the wing chord plane, a further
increase in turning sngle is achieved with the model in the poslition
nearest the ground; however, at positions out of the ground-effect region
and at intermediate heights above the ground the turning is about the
same for this configuration as for the configuration with the thrust

axis 0.125D below the chord plane.

With the propeller in the longltudinel position corresponding to
the basic configuration (x/D = 0.42), lowering the thrust axis 0.125D
below the chord plane again effected a small increase 1In turning angle
with the model out of the ground-effect region and an appreciable
incresse with the model near the ground (fig. 10). Further lowering of
the thrust axls to a position 0.25D below the wing chord plane had little
effect on the characteristics.

At a vertical position 0.125D below the wing chord plane, the turning
charascteristics appesr to be relatively insensitive to the longitudinal
position of the propeller (fig. 11), although the ratio of resultant
force to thrust is slightly higher for the most forward position
investigated.

Lowering the thrust axls (figs. 9 end 10) alsc reduces substantially
the large diving moments associated wlth the slotted-flap configuration.

Comparison of Characteristics of One- and
Two-Propeller Models

The ratios of resultant force to thrust shown in figures 9, 10,
end 11 for one propeller independently mounted are appreciably lower than
the values presented in reference 2 and in figures 6 and 7 of the present
paper for the model with two propellers mounted on the wing. A compari-
son of the effect of various propeller-mounting arrangements on the
turning characteristics of the wing out of the ground-effect reglion is
shown in figures 12 and 13. The desirability of using a multiple-propeller
arrangement for this configuration 1s apparent. The reasons for the
difference between the data for the one- and two-propeller configurstions
are not known; however, the difference may be associated wlth the
"bleeding" of part of the slipstream below the wing chord plane through
the part of the slots outboard of the main slipstream where 1t cannot
appreclably affect the upper pert of the slipstream, or the difference
may be a result of the lower effective aspect ratio of the wing irmersed
in the slipstream and the fact that the slipstresm from a single pro-
peller has more room to expand laterally than have the slipstreams from
two propellers working side by side.
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Tests with other wing-flap sections Indicate that the effect of
changing the number of propellers is a function of the flap configura-
tion. For instance, with a configuration employing large-chord plain
fleps and two auxiliary vanes (ref. h) a change from two propellers
to one propeller resulted inh a loss in turning angle wlthout much loss
in resultant force. Also; data from tests on a different flap arrange-
ment show only small differences between the characteristics with one
or two propellérs operating. These observations indicate that the
differences shown in figures 12 and 135 and the reasons for these dif-
ferences cannot be generalized.

Figures 12 and 135 indicate that changing -the propeller mounting
from an Independent stand to the wing causes very llttle difference
in the characteristics.

Characteristlcs of Modifted Confliguration

The turning angle achieved by the basic slotted-flap wing appears
to be smaller than would be desired for a vertically rising airplane,
inasmuch as a nose-up attitude of 30° would be required for hovering out

of the ground-effect region and a st111 higher attitude would be required”

for take-off. The data of figures 9 and 10 indicate that with one propel-

ler operating an increase in turning angle both in and out of the ground-

effect reglon was obtalned by lowering the thrust axis below the wing
chord plane. In addltion, the dats of reference 2 indicated that posi-

tive incidence between the wing chord plane and the thrust axis increased

the turning engle. Accordingly, these two modifications (5 of wing
incidence and both thrust lines lowered .0.1D) were incorporated into
the model. A comparison between results with the originel and modified
configurations is shown in figure 14. The expected improvements near
the ground are shown; however, the desired lmprovements in characteris-
tics out of the ground-effect region were not realized. Tuft studies
indicated that flow at the rear ends of the nacelles was separating
badly and it appears likely that this separation was "contaminating"
the flow through the slots. Attempts to reduce the separation were.
unsuccessful largely because the length of the electric motors used to
drive the propellers did not leave sufficlent distance between the rear
of the nacelles and the first flap slot to allow adequate fairing of
the nacelle into the wing.

-

Effect of Ground on Propeller Cherscteristics

The normal force and pitching moment of the inboard propeller and

the statlc thrust efficlency of each propeller, both in and out of the

ground-effect region, are presented in figure 15. The measurements of
the, propeller normal force and pitching moment are complicated by the
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Tact that small forces are being measured by strain-gage beams which

must also measure the mich larger propeller thrust and support the weight
of the motors. The comparison of the propeller normel forces and piltching
moment for the model in and out of the ground-effect region shows only
small effects of proximity to the ground and these differences appesr

to be largely within the accuracy of the measuring equipment. In any
event, the values shown are small when compered with the normel force

and piltching moment that would be expected at high attitudes and low
forward speeds as shown in reference 6.

The effect of the ground on the static-thrust efficlency of each
propeller is also shown in figure 15. A loss of about 3 to 5 percent
in efficiency 1s shown. This loss in efflclency is especially lmpor-
tant for an eirplane that must derive all its 1ift for btake=~off by
converting the engine power to static thrust.

It is of Interest to compare the effect of the ground on propeller
characteristics for the wing-propeller configurations that have been
discussed with the effect obtalned for the helicopter condition in which
8 propeller, with thrust axis vertical, is allowed to approach the
ground. In order to simulste the latter condition, the propeller and
motor used in the setup shown in figure 5 were operated at various dis-
tances from the ground board. As was expected, the helicopter arrange-~
ment provided e large increase in static-thrust efficlency at heights
gbove the ground of 0.50D or less. (See fig. 16.)

CONCLUSIONS

The Investigation of the effects of proximity to the ground and
propeller position on the effectiveness of a wing equipped with large-
chord slotted flaps in redirecting propeller slipstreams dowaward for
vertical take-off indicates the followlng conclusions:

1. With the propeller thrust axis on the wing chord plene, both
the angle through which the slipstream is deflected and the ratio of
resultant force to thrust are reduced as the ground 1s approsched. At
the positions nearest the ground, some of the loss in resultent force
is regeined.

2. Lowering the thrust axis below the wing chord plane helps to
reduce the adverse effects of the ground. Lowering the thrust axis
also reduces the large diving moments assoclated with this flap
arrangement.
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3, For the wing-propeller configurations of this investigation,
the static-thrust efficiency of the propellers 1s reduced slightly by
ground. effect, which is in contrast to a lerge increase obtained for
helicopter conditlon in which the propeller exis is normsl to the

ground.

Langley Aeronautilcal Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 12, 1555.



NACA TN 3629 11
REFERENCES

1. Tosti, Louls P., and Davenport, Edwin E.: Hovering Flight Tests of
a Four-Engine-Transport Vertical Take-0Off Airplane Model Utilizing
a Large Flap and Extensible Vanes for Redirecting the Propeller
Slipstream. NACA TN 3440, 1955.

2. Kuhn, Richard E., end Draper, John W.: Investigation of Effectiveness
of Large-Chord Slotted Flaps in Deflecting Propeller Slipstreams
Downward for Vertical Take-Off and Low-Speed Flight. NACA TN 336k,

1955.

3. Draper, John W., and Kuhn, Richard E.: Some Effects of Propeller
Operation and Location on Ability of a Wing With Plain Flaps To
Deflect Propeller Slipstreams Downward for Vertical Take-Off.
NACA TN 3360, 1955.

k. Kuhn, Richard E., and Draper, John W.: An Investigation of a Wing-
Propeller Configuration Employing Large-Chord Plain Fleps and Lerge~
Dismeter Propellers for Low-Speed Flight and Vertical Take-Off,

NACA TN 3307, 195k.

5. Wenzinger, Carl J., and Harris, Thomas A.: Wind-Tunnel Investigation
of an N.A.C.A. 23012 Airfoil With Various Arrangements of Slotted
Flaps. NACA Rep. 664, 1939.

6. Draper, John W., and Kuhn, Richard E.: Investigation of the
Aerodynamic Characteristics of a Model Wing-Propeller Combination
and of the Wing and Propeller Separately at Angles of Attack Up
to 90°. NACA TN 330k, 195L.



NACA TN 3629

8Slc

TABLE I
DETAILS OF THE WING AND FLAP SECTIONS

-..I.KUn‘zzTonw
b “e e we
NHAAT Ao
R

Y2

onkNNaAtONn

| eddregdd

0.30c flap

l)o NN O N

EJnJ.ue in percent chordj

PATE OF THE FLAP NOSE

|| 2e557gee
L% 1 [N ]

$ geonagre
S| ¥ 349 dARKR

°38RR8L

B,
dag

12

%—in. aluminum plates]

g |8 PEEbiigiiiiiRsessiiitity
R AR R R R R i RN A RRR
& 1% t1iiiilii1] 188388888811
1l R
.m H

2l g LelustaxHEIERRRRRERENE
m 1418 dseeaas | HHTHHHEH
18 [y {R8SR88RQ8RR I 1111
B ig|s |& Pagd Andsand LT
1 AR EE
g mw oo il il iiniqqs
4 Z1E| mN3%S8NRRQIIIIIIGIIRR] 1111 IR 1439
Bloadidrgrenttiiiidiiadtiiiigigy”

E

%3
i: | ussasssssssssssssssnsnssessaanas
5 |on9rrangeRgddiverivgeeateceggsng

2§




NACA TN 3629 ' ' 13

Figure 1.- Conventions used to define positive sense of forces , moments,
angles, and distances.
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L-88912
Figure 3.- Model installed on static-thrust stand with ground bosrd in

position nearest ground (% = 0.08). Meodified configuration; % = 0.10;
i'w' = 500
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b6c

Vane ordinates

Xy ¥
[o] 0O8c
QOlc .05¢c
03c .03c
.07e .Olc
de2ec o
30¢c | O

’

’a

3’30

Figure L.- Cross section of the auxiliary-vane configuration.



5

NACA TN 3629 ' 17

- I=85693
Figure 5.~ Static-thrust setup of reference 3; slngle propeller inde-

. pendently mounted for tests involving changes in propeller position.
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(a) Summary of turning effectiveness.

Figure 6.~ Concluded.



o2

7 : s
L M. ‘ v 2seimet
TD 2 ~H
4 oo PR
oo |- o 50 4 T s
o 60 “o 10 20 30 40
Flap deflection, af” ,qeq -
80
(b) Pitehing moment.
60
40 = A : = 10 o= . -
?' g b T 1 ! : i ;
© ' H
® 20 'é' £ +
7 o
0 6 H 7 I f it :
o 10 20 30 0 o 10 20 30 40
Flap deflection 8y, , deg Flap deflection, 8y, , deg
(a) Purning angle. (c) Ratio of resultant force to thrust.

629¢ NI VOVN

Figure T.- Effect of £lap deflection on the turning characteristics near the ground. % = 0.08.




NACA TN 3629
N
é‘fs "
3’30
Sts0s
8 = 90° . deg
/0L 60 70° o 50
a 60
5o é‘fs o Variable
L =08

20°
/0°
00
6 8 1.0
X
T

(d) Summery of turning effectiveness.
Figure T.- Concluded.

21



?,deg

”n e L] FIT=H =9
Ly 74 = L]
h
/A
-4 ] ' .
g 2:; o 10 20 30 40 50
Flap deﬂecﬁan,afw ,aeg
80
{b) Pltching momsnt
J V™ d-d-'l-l'l-ld-l-l-l-lb el N albs Ao W B
60 i
0B Lqﬁ = 2 =
20 ' £
r &
o £
(7] - io ) ”20’ .30 40 50 0 10 20 30 40 50
Flap deflectionér,, ,deg Flap def!‘ecr‘ionjf”,deg
{a) Turping angle. (¢) Ratio of resultant force to thrust.

Figure 8.~ Effect of flap deflection on the characteristics in and out of the ground-effect

region with the suxiliery vene installed. Bgg, = 60°,

A

629¢ NI, YOVN




NACA TN 3629

(&) Sumary of turning effectiveness.
Figure 8.- Concluded.
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(d) Summery of turning effectiveness.

Figure 9.- Concluded.
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(&) Summary of turning effectiveness.

Figure 10.- Concluded.
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(&) sumary of turning effectiveness.

Figure 11.- Concluded.
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Figure 12.- Comparison of effect of flap deflectlion on the characteristics with one and two pro-

pellers. §f60 = 60°; vane off; %=m.
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(d) Summery of turning effectiveness.

Figure 12.- Concluded.
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Flgure 13.- Comparison of effect of flap deflection on characteristics with one and +wo pronel -
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lers. 8f60=60°;vaneon;%=m.
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(d) Summary of turning effectiveness.

Flgure 13.- Concluded.
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(a) Turring sngle.

Figure 1h.- Comparison between effects of flap deflection om the characteristics of model with
the thrust axis on the wing chord plane and with the thrust axis 0.1D below the wing chord

plane. &p = 500.
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(4) Summsry of turning effectiveness.

Figure 14.- Concluded.
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Figure 15.- Effect of height above ground on propeller characteristics,

) = 60°.
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Figure 16.- Effect of helght sbove ground on propeller with the thrust
axls perpendicular to the ground.
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